In this paper, light absorption spectra properties of a bimetal multilayer nanoshell based on quasistatic approach are investigated. Comparing with silver-dielectric-silver and silver-dielectric-gold nanoshells, gold-dielectric-silver nanoshells have three intense and separated plasmon peaks which are more suitable for multiplex biosensing. Calculations show that relatively small thickness of outer silver shell and large dielectric constant of middle dielectric layer of gold-dielectric-silver nanoshell are suitable to obtain the triple plasmon resonance. V C 2014 AIP Publishing LLC.
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I. INTRODUCTION
In recent years, multilayered metal nanoshells have gained extensive interest due to their unusual optical applications in biological sensing, surface enhanced spectroscopy, and biomedicine as well as the ability to manipulate light at nanoscale.
1,2 The interesting optical properties of metal nanoshells are due to the localized surface plasmon resonance (LSPR) which can be tuned from visible to nearinfrared (NIR) regions by appropriate design of the core to shell ratio. The large optical polarization associate with the LSPR further results in the intense absorption and scattering spectra around the LSPR frequency. These make the nanoshells an excellent candidate for absorbing or scattering light in the NIR region, which are well suited for biomedical applications, because the NIR region is the transparent window for biological tissues.
3,4 Plasmon hybridization theory 5 has been developed to characterize plasmon resonance of metal nanoshells. Based on the theory, a single layer metal nanoshell has two plasmon resonance modes. The higher energy mode attributes to an anti-symmetric coupling (antibonding interaction) between the surface plasmon of solid sphere and dipolar cavity plasmon on the inner surface, whereas the lower energy mode attributes to a symmetric coupling (bonding mode) between the surface charges associated with the cavity and surface plasmons. However, the shorter wavelength of LSPR bands in nanoshells is too weak to be used. It is well-known that spherical metallic nanoparticles have one plasmon mode which is about 520 nm for gold and about 400 nm for silver, which is not in NIR region. Compared with solid metallic nanoparticles, typical twolayered metal nanoshells, consisting of a dielectric core surrounded by a thin shell of metal, exhibit highly tunable plasmon modes that can be tuned from visible to NIR regions by decreasing the thickness of metal shell.
3 Such NIR features of metal nanoshells have led many applications in medical diagnostics, 6 immunoassay, 7 and study of living cells and bacteria. 8 However, the thin metal shell reduces the absorption peak which go against the applications in surface enhanced Raman spectroscopy (SERS) method in biosensing applications. Moreover, when used as contrast agents in biomedicine, it is important to reduce the nanoshell's overall diameter to tens of nanometers for facilitating tissue penetration.
Recently, three-layered gold-silica-gold nanoshells with a size of sub-100 nm have been synthesized, which improved tissue penetration and generate a strong LSPR.
9
When a metal nanosphere is inserted into the metal nanoshell, due to the plasmon coupling between inner metal core and outer shell, the system has at most three hybridization modes. However, the LSPR peak, which has higher energy, was thought as too weak to be observed. Our previous studies demonstrated that silver-dielectric-silver (SDS) nanoshell has three LSPR peaks in its scattering spectra and could be optimized for biomedical sensing.
10,11 However, the shortest wavelength peak is also very weak. If this peak could be enhanced, there will be three intense and separate LSPR peaks for multiplex sensing. In order to design biosensors for detecting several different kinds of binding targets at the same time, the combination of two metals, such as Au and Ag, can improve the optical response. Du et al.
12 developed a microfluidic electrochemical sensor for multiplex detection of small molecules. Chakravadhanula et al.
13 reported the double LSPR with equal intensity of Au-Ag bimetallic quasi-nanocomposites based on sandwich geometry.
In this paper, we have investigated absorption spectra of two different kinds of bimetal three layered nanoshell based on quasi-static theory. When two kinds of metals, such as gold and silver, are combined, the plasmonic properties are governed by a combination of dielectric properties of both metals which enhanced the weak plasmon peak at our previous studies. Local electric field enhancement is an important factor affecting the intensity of SERS and surface enhanced fluorescence (SEF). We found that the gold-dielectric-silver (GDS) nanoshell has three strong and separated LSPR peaks and is more suitable than that of SDS and silver-dielectricgold (SDG) to design SERS and SEF nanosensors for detecting several different kinds of binding targets at the same time by choosing the incident wavelength. a) Author to whom correspondence should be addressed. Electronic mail: m.saliminasab@yahoo.com.
